Epidemiological studies often use parent questionnaires to assess children's development and mental health. To date, few studies have investigated the validity of parent questionnaires with standardized clinical assessments as criterion. The current study examines discriminant and convergent validity of parent questionnaires for symptoms of Attention Deficit Hyperactivity Disorder (ADHD), Oppositional Defiance Disorder (ODD), and Conduct Disorder (CD) as well as symptoms of Separation Anxiety employed in the Norwegian Mother and Child Cohort Study by using structured clinical interviews performed 5 months later in the Longitudinal ADHD Cohort Study as a criterion. The comparison of confirmatory factor analysis models and examination of factor correlations indicate convergent and discriminant validity of MoBa parent questionnaires for preschool children, especially for the assessment of ADHD and ODD/CD. Future research should attempt to further improve parent questionnaires, examine their validity in representative samples, and explicitly test their utility for screening.
BACKGROUND
It is well documented that significant psychiatric symptoms and disorders may develop in early preschool age (1) . Attention-Deficit/Hyperactivity Disorder (ADHD) is the most frequently diagnosed disorder in child psychiatric outpatient units (> 20%), and the large majority are diagnosed after school entry. Yet, while many of these children have significant symptoms with impairment in preschool years, very few are referred to specialist mental health services for help (2) . As early psychosocial treatment of children at risk for developing ADHD may reduce negative consequences over time, early identification is warranted (3) . However, the borders between age-appropriate and inappropriate behaviors and reactions in toddlers and young preschoolers are often fuzzy as normative behavior varies greatly in these age groups, making the identification of maladaptive behaviors difficult. It is an important clinical challenge to identify the children that will develop chronic behavioral problems while avoiding pathologizing normally developing active children (4) . To meet this challenge, reliable and valid diagnostic tools that make this distinction need to be developed.
The Norwegian Mother and Child Cohort Study (MoBa) at the Norwegian Institute of Public Health (5) provided a unique opportunity to study early indicators and developmental trajectories of ADHD and cooccurring disorders. By identifying children with high scores on ADHD-related symptoms at a very young age and before symptoms develop to the full blown clinical case we can follow a large group of children in MoBa over years in order to identify early manifestations of ADHD and factors that are associated with continuity of symptoms over time and co-occurring disorders. This was the aim of the MoBa substudy called The Norwegian Longitudinal ADHD Cohort Study (the ADHD Study). In the ADHD Study, children at risk to develop ADHD were identified based on the parent questionnaire in MoBa at 3 years and invited to a standardized clinical examination covering relevant psychiatric symptoms as well as cognitive and psychosocial functioning.
The MoBa Study is an exceptional data source for the analysis of a vast amount of health related questions, including psychiatric symptoms and disorders in children. An important assumption is that parent questionnaires can be used to reliably measure children's development and mental health (1). However, whereas reliability and construct validity -including convergent and discriminant validity -have been tested for a number of parent questionnaires (6-10), their convergent validity with an independent clinical assessment has rarely been examined.
The aim of this article is to utilize the clinical information collected in the ADHD Study in order to assess convergent and discriminant validity of parent questionnaires for assessing symptoms of AttentionDeficit/Hyperactivity Disorder (ADHD), Oppositional Defiant Disorder (ODD), Conduct Disorder (CD), and Separation Anxiety.
Based on previous research indicating co-occurring symptoms of ADHD, ODD, CD, and Separation Anxi-ety (11), we expected the symptom load of different symptom groups to be correlated. More importantly, a strong correlation of symptom assessments for one symptom group through parent questionnaires and a structured clinical interview would indicate convergent validity of parent questionnaires, and higher correlations within than between symptom groups would indicate their discriminant validity.
METHODS
Sample. The ADHD Study sample consisted of participants recruited from the Norwegian Mother and Child Cohort Study (MoBa). Children who were eligible for inclusion were born between April 1, 2004 and January 31, 2008, and had mothers who had returned MoBa questionnaire Q6, which was sent to them at child age 3 years (n=33050).
The MoBa questionnaire Q6 included six questions from the Child Behavior Checklist (CBCL2-3) (12) and five items from the DSM-IV-TR criteria for ADHD (13) about hyperactivity, impulsivity, and inattention. To identify children who might be at risk of developing ADHD, children in the MoBa population scoring at or above the 90th percentile on the sum score of these 11 questions were invited to the ADHD Study. Children with severe medical conditions and children with high scores on autistic symptoms were excluded. In total, 2798 children were invited from August 2007 to January 2011, and 1048 (37.5%) participated. In addition, a group consisting of 654 children randomly drawn from the MoBa sample of eligible children were invited, of which 149 agreed to participate, rendering a response rate of 22.5%. The overall response rate was 35%. Participating families attended a one-day clinical assessment one to eight months after responding to the MoBa questionnaire Q6.
Instruments. The Q6 contains a broad range of questions related to child health, development, and behavior. The questions used in the present study were selected items from the Child Behavior Checklist for toddlers (CBCL 2-3), the Infant and Toddler Social Emotional Assessment (14) (ITSEA), the Emotionality, Activity and Shyness Temperament Questionnaire (15) (EAS), and questions derived from the DSM-IV-TR clinical criteria for ADHD, ODD, and CD. Table 1 lists the questions, original questionnaires and scales, and the symptom group each item was assigned to for the current analysis.
In the ADHD Study, diagnostic assessment of the children was based on a Norwegian version of the Preschool Age Psychiatric Assessment (PAPA) interview with the caregiver (16) . The interview was developed for preschool children from two to five years of age and includes questions about psychiatric symptoms and impairment in daily functioning. Interviewers probe until there is enough information to decide whether the symptom is present at pre-specified levels of severity. If so, its onset date is recorded along with its frequency of occurrence, when relevant. Interviews were conducted by graduate students in psychology trained in administration and scoring of the interview. A specialist in clinical psychology or child psychiatry supervised the scoring of the interview. The following PAPA sections were used to obtain symptom group scores: ADHD: all ADHD items covering the 18 diagnostic symptoms; ODD: all eight items; CD: eight of 15 items (age inappropriate items were left out); and six items for Separation Anxiety: avoidance of being alone, anticipatory stress and resistance to separation, withdrawal when attachment figure absent, physical symptoms (stomachaches) of separation, fear (anxiety) about daycare, fear/anxiety about calamitous separation. In the analyses, items from the criteria for ODD and CD are combined into the symptom group Behavior Problems.
For PAPA, interrater reliability was checked by a second rater, blind to any knowledge about the child and family, who rescored 79 randomly selected interviews from audio tape recordings. The average intraclass correlations (ICCs) were .98 for total number of ADHD symptoms, .99 for inattentive symptoms, and .97 for hyperactivity-impulsivity symptoms. ICC for anxiety and ODD symptoms were .86, and .98, respectively.
In addition to the structured diagnostic interview, the clinical assessment included questionnaires with standardized rating scales filled out by parents and preschool teachers, a short medical and neurological examination, as well as neuropsychological and neuromotor assessments. These additional assessments are not included in the present analyses.
Convergent and discriminant validity. We assessed the congruence of symptom groups by estimating multiple group confirmatory factor analyses (CFA) in Mplus (17) . Because symptoms of ADHD and Behavior Problems more typically are expressed in boys, and we expected the convergent validity of parent questionnaires and structured clinical interview to depend on the length of the time period between the two assessments, we used a multiple groups model. In the model, 6 groups were defined by crossing 2 gender categories with 3 time period levels (participants were grouped into terciles based on the length of the period between both assessments). Factor loadings were constrained to be the same across all groups, and factor means and regression coefficients were allowed to vary between boys and girls ( Figure 1 shows the model).
In the structural part of the model, each symptom group (ADHD, Behavior Problems, Separation Anxiety) was represented by one latent factor on which only the relevant MoBa items loaded, and by one latent factor on which only relevant items from the PAPA interview loaded. The following models were fit to test different hypotheses about the correlation of latent factors:
(A) Fixed factor correlations, zero between: In this model, latent factor correlations were the same for all groups. In addition, the correlations of the assessment of the same symptom group through parent questionnaires and PAPA interviews was fixed to zero. This is a baseline model assuming no convergent validity. (B) Fixed factor correlations, fixed between: In this model the correlation between one factor from parent questionnaires and all factors from the PAPA interview were fixed to be equal. This is a baseline model assuming no discriminant validity. (C) Fixed factor correlations. This model assumes convergent and discriminant validity, but independence of factor correlations from gender and the period between the two assessments. (D) Gender depended factor correlations. (E) Period depended factor correlations. (F) Period & Gender depended factor correlations: This is the most flexible model, assuming that factor correlations depend on gender and the period between the two assessments. We implemented the multiple group model as a mixture model with known classes because Mplus searches the maximum likelihood solution for such models, which in turn can be used to calculate penalized fit indices. Moreover, Mplus requires all entries in contingency tables to be nonzero for standard grouped CFA, which requires collapsing rare responses into more frequent categories. Modeling results were extracted with the R package MplusAutomation (18) and plotted with the R package ggplot2 (19) .
Internal consistency. The internal consistency of each scale was calculated as its composite reliability (CR). The CR can be understood as the ratio of the factor variance divided by the sum of factor variance and the error variances of the factor items (20) . Because error variances needed to calculate CRs can only be obtained by standard grouped CFAs, these were used here. For this analysis, rare items levels were collapsed to nearest next level in order to avoid nonzero entries in contingency tables.
RESULTS
A total of 1182 children, 560 girls and 622 boys, had sufficient data from the PAPA and from the relevant section of the MoBa Q6 to perform the analysis. At the time of participation in the ADHD Study, children were on average 3 years and 5 months old. Table 2 provides a more detailed sample description.
Internal consistency of symptom scores. With the exception of the factor for Separation Anxiety symp- Gender is assumed to modify group means. Some models allow correlations within and between instruments (in the gray box) to be dependent on gender and/or the time period between PQ and SI. Convergent validity is estimated by the correlation of factors within symptom groups (vertical double headed arrows). For the baseline model assuming no convergent validity, correlations coefficients for vertical arrows are set to zero. For the baseline model assuming no discriminant validity, the coefficients for double headed arrows were fixed to be identical. Figure 2 shows standardized factor means for boys as compared to girls. Consistent with the higher occurrence of significant ADHD symptoms in boys, the factor mean for ADHD symptoms assessed with the PAPA is higher for boys. The factor mean for ADHD from the MoBa parent questionnaire does not differ meaningfully between boys and girls, presumably due to the sampling plan that oversampled children with high symptom scores independent of gender.
To assess congruence of symptom evaluations from parent questionnaires with structured clinical interviews, we estimated several grouped CFAs. Table 3 shows model fits for the estimated models. The first key result is that baseline models assuming either (A) zero correlations of latent factors between instruments or (B) equal correlations between each MoBa factor with the three ADHD Study factors, perform worse than models consistent with convergent and discriminant validity of questionnaires. Of these models, the best model had identical between factor correlations for all groups (only the least conservative model fit criterion, the AIC, indicated dependence of factor correlations on gender). This result suggests that convergent and discriminant validity were neither influenced by gender, nor by the duration of the period between the two assessments.
Further examination of the latent factor correlations in the fixed factor correlations model supports the discriminant and convergent validity of the parent questionnaires. Convergent validity is supported by generally significant correlations between factors that measure the same symptom group, but are informed by either parent questionnaire or structured interview (see Table 4 and Figure 3 ). Discriminant validity is supported by the finding that, for between instruments correlations, the correlations of same-symptom group factors is generally higher than the correlation between different-symptom group factors. Only for Separation Anxiety did the confidence intervals of correlation coefficients overlap, which is mainly due to the large standard error for the correlation involving Separation Anxiety assessed in the structural interview.
As can be seen from the strong within-instrument correlation between symptoms of ADHD and Behavior Problems, our results also suggest an important cooccurrence of these symptoms. Indeed, these correlations have the same strength as the within symptom group correlations of ADHD and Behavior Problems across instruments, as indicated by their largely overlapping confidence intervals.
DISCUSSION
We find that symptoms of ADHD, Behavior Problems, and Separation Anxiety, assessed with parent questionnaires in the MoBa Study, in 3 year old children are correlated with symptoms assessed in a structured clinical interview conducted on average 5 months later. That is, the scale items intended to measure symptoms of inattention/hyperactivity, Behavior Problems, and to a lesser degree Separation Anxiety, have both convergent and discriminant validity when compared with the results of a structured clinical interview.
Compared to other examinations of convergent and discriminant validity of parent questionnaires for ADHD symptoms (6, 21, 22) , we observed lower con- vergent validities (r = .54 for ADHD, r = .48 for Behavior Problems, and r = .43 for Separation Anxiety), which fall below the commonly referred threshold of r = .80 as a sign of good convergent validity (7) . The relatively lower correlations we observed are at least partially due to both strengths and weaknesses of the current study. First, whereas other investigations of convergent validity typically use assessments employing the same questionnaire by different raters at approximately the same time (7, 9, 21) , a strength of the current study is the use of a later, structured clinical interview as the comparison criterion. While the time lag and using a different instrument suppress the estimated convergent validity, our results are likely of higher practical relevance because they are primarily driven by stable symptoms and obtained through comparison with a validated clinical interview. Still, the low estimate of convergent validity likely also reflects limitations of the current study. In particular, while the oversampling of children with a high ADHD symptom load is desirable for the main goal of the ADHD study, it also leads to a reduced variability of ADHD symptom load in the sample. This reduced variability, in turn, likely suppresses the estimated convergent validity. Lastly, compared to the population of children with symptoms of Separation Anxiety or Behavior Problems, children with such symptoms in the ADHD Study are also more likely to have ADHD symptoms, so that the current study potentially underestimates the discriminant validity of questionnaires. The overrepresentation of children with co-occurring symptoms of ADHD and especially Behavior Problems is also reflected in the high correlation of these symptom groups' factors. Complementary explanations could be that symptoms in preschool children are less differentiated, or that the population-wide co-occurrence of mental health symptoms is higher in young preschoolers. Still, others have reported a high co-occurrence of ADHD and ODD (11, 23, 24) , suggesting that our results are broadly in line with previous research. One unexpected result of our analyses was that the effect of gender and the length of the period between two assessments on factor correlations was not strong enough to justify the inclusion of these variables into the grouped CFA model. While such a result could be explained by unreliable and unspecific assessment of all symptoms (i.e. when all assessments are unreliable, adding variables to explain their values is not effective), this is unlikely given that the correlation between factors for the same symptom is around 0.45. Instead, it is plausible that symptoms are already relatively stable in young preschool children, thus allowing for identifying convergent validity of instruments even when they are used on average 5 months apart.
An important methodological consideration is that we assessed validity not based on straight forward sum scores, but based on a measurement model in which items that are more representative of symptom groups have a larger influence on the symptom group score. Compared to the use of simple sum scores, the advantage of the inclusion of a measurement model is that symptom group scores are more reliable, which leads to higher estimates of convergent validity, if two instruments indeed measure the same symptom group.
In sum, our results show that relatively short parent questionnaires predict results of later interview assessments for symptoms of ADHD, ODD/CD, and Separation Anxiety in preschool children. These results suggest that at least some mental health problems are relatively stable over a time span of about five months in preschool children, and that parent questionnaires can potentially be used to identify children with clinically significant symptoms. Future research should attempt to further improve and test parent questionnaires' validity in representative samples, and explicitly test their utility for screening.
